1. Introduction {#s0005}
===============

Regular physical activity protects against chronic diseases such as heart disease, hypertension, obesity, diabetes, depression, and other conditions ([@bb0045]). It is recommended that children engage in 60 min of physical activity every day ([@bb0105]), but data from international studies suggest that children in most developed or developing nations are falling short of this goal, especially girls ([@bb0060]). This is true for Chinese youth, who often engage in insufficient physical activity, with very little occurring outside of schools ([@bb0100]). These low levels of physical activity may contribute to the development of obesity ([@bb0040]). In fact, the increasing prevalence of childhood obesity is a worldwide epidemic, and China has seen recent, dramatic increases in obesity ([@bb0050]). A study with the largest representative sample of school-aged children and adolescents in China found that the prevalence of obesity increased from 0.2% to 8.1% between 1985 and 2010 ([@bb0090]). Many factors are associated with physical activity in Chinese youth, including psychological, social, environmental, and systemic ([@bb0100]; [@bb0005]; [@bb0120]; [@bb0125]). For example, Shi and colleagues ([@bb0085]) reported that Chinese girls with low socioeconomic status (SES) had the highest levels of physical activity, while boys with high SES reported the lowest rates of walking to school. Unfortunately, little research is available examining the relationships between features of the environment such as parks and physical activity in Chinese adults ([@bb0095]; [@bb0015]; [@bb0080]) or youth ([@bb0015]).

The presence of parks is associated with physical activity and obesity in Western youth ([@bb0020]), but little is known about their association with physical activity and/or obesity in Chinese youth. Cultural preferences might affect park utilization, which has been reported in the limited existing literature ([@bb0095]; [@bb0015]). Public parks and recreation facilities provide diverse recreation activities for children, adults, and families, but physical activity within parks depends on characteristics such as users\' activity preferences, age, and gender ([@bb0025]; [@bb0055]). Therefore, the purpose of this study is to describe usage of the public parks by youth in Nanchang, China and to identify characteristics of parks and their users associated with categories of physical activity in Chinese youth.

2. Methods {#s0010}
==========

2.1. Setting and design {#s0015}
-----------------------

This study employed a cross-sectional design to describe park usage in Nanchang, China using systematic observation protocols. Parks were selected to capture those that served the largest portion of the population. A total of 15 parks were identified in Nanchang through a search of municipal websites, city maps, and local public health officials. Of these 15 parks, the following criteria were used to select parks: 1) publicly accessible without entry fees, 2) located within the city limits, and 3) intact (i.e. if construction exists, it cannot take \> 50% of the target areas). Based upon these criteria, eight parks were chosen for observations.

2.2. Measures {#s0020}
-------------

The System for Observing Play and Recreation in Communities (SOPARC) was used to record the number of participants, modes of physical activity, intensity of physical activity, and opportunities in the parks for physical activity or leisure ([@bb0070]). Previous studies have reported evidence for the reliability of SOPARC in studies of youth ([@bb0070]; [@bb0030]). SOPARC has recently been utilized in parks in China ([@bb0095]; [@bb0015]). The coding form was adapted to ensure cultural relevance with adaptations including the following: 1) adding and subtracting activity codes to better reflect activities in Chinese parks (e.g., tai chi, dance, and mahjong), and 2) including the daily average Air Quality Index (AQI) scores to examine the relationship between physical activity and air pollution ([@bb0100]). Ethnic background of park users was not recorded due to the lack of readily discernable ethnic varieties in the community.

2.3. Procedure {#s0025}
--------------

Twelve research assistants from Nanchang University collected the data. Prior to data collection, the research assistants underwent comprehensive SOPARC training from investigators with extensive experience with systematic observation tools. The workshop introduced trainees to SOPARC definitions and notations, coding conventions, and the ability to discriminate between age groupings and types of physical activities onsite ([@bb0070]). Trainees practiced two-hour live park observations of target areas, followed with assessment of interrater reliability. All eight parks were visited before beginning the study, to observe areas and identify potential target areas consistent with the recommendations of McKenzie and colleagues ([@bb0070]). Large areas and those that accommodate a large number of people or activities were further divided into sub-target areas to facilitate more accurate recording. Once target areas were chosen, detailed maps were made depicting their locations within each park. Target areas included open spaces, grassy fields, areas of exercise equipment, running tracks, covered areas (e.g., pavilions and covered walkways), and playgrounds.

Data collection took place on four non-consecutive days over a 3-week period in June 2014. Parks were observed four days per week (two weekdays and two weekends), four times per observation day (12 days and 48 total observations per park). A total of 16 three-hour observations were recorded for each target area in each park. Previous studies have recommended this level of observation to obtain a robust estimate of park users and physical activity ([@bb0030]). Observations took place over 4 time blocks: 0600--0900, 1000--1300, 1400--1700, and 1800--2100, as some parks were still utilized after dark. A one-hour break was allowed between blocks to allow for notetaking and eating. Observation days that were missed due to inclement weather or holidays were rescheduled for the same day the following week. During each observation period, one or more observers went to designated target areas and completed the coding form. Recordings began with date, time, and temperature, followed by the setting (e.g. if the area is accessible, usable, supervised, equipped, and provided with an organized activity). Organized activities were those led by an individual in a group setting. AQI was reported daily and added to each observation record later. Observers then scanned the area from left to right while tallying counts on the coding form.

Park users were categorized by age as children (0 − 12), teens (13--20), adults (21--59) and older adults (60 +). Once primary physical activity data were recorded, observers then repeated the sequence for secondary activity (if any) and spectators in the area (if any). After completing the observation, recorders identified the most common physical activity taking place in the target area. Activity intensity was recorded as sedentary, walking, or vigorous. Sedentary activities included lying down, sitting, or standing still ([@bb0110]). Walking was recorded for park users who were ambulating at a light to moderate pace. Tai chi and similar exercises were also coded as walking. Moderate-to-vigorous physical activities (e.g. badminton, dance, use of exercise equipment, jogging, etc.) were recorded as vigorous.

2.4. Analyses {#s0030}
-------------

Only data from those coded as children and teens were used for the present analyses. The proportion of individuals who were engaged in sedentary, walking, and vigorous activities were compared across categories of environmental (e.g. air quality) or characteristic of observed park users (e.g. gender). Due to the hierarchical nature of the data (i.e., observations nested within parks) and the nature of the dependent variable (i.e. ordinal variable with three levels) activity intensity, ordered hierarchic generalized linear models were estimated with meglm using a logit link function, consistent with best practices in the field ([@bb0115]; [@bb0010]). Park was estimated using random effects, with fixed effects and odds ratios calculated for park, environmental, and park user characteristics. The unit of data analyses was the park level. All analyses were conducted in Stata 14.1 (StataCorp LP, College Station, TX).

3. Results {#s0035}
==========

3.1. Park features {#s0040}
------------------

The observed parks ranged in size from 35,000 m^2^ to 326,000 m^2^. [Supplemental Table 1](#t0005){ref-type="table"} list the features present in the parks. Basketball courts and baseball fields were not found in any of the observed areas, while only one park had a playground designated for children. Lakes and water features were common, but noted to be unusable for swimming; one park had an inaccessible and unmaintained swimming pool. Three out of the eight parks had designated badminton courts.Table 1Physical activity intensity levels compared by user, environmental, and setting characteristics.Table 1Variable*N*\
%Physical activity level*Χ*^2^*P*SedentaryWalkingVigorous*n*\
%*n*\
%*n*\
%Overall8996404234451509100.044.938.316.8Gender20.32\< 0.01 Male51962303194395057.7644.3237.3918.28 Female38001739150255942.2445.7639.5314.71Age161.40\< 0.01 Child683931972379126376.0246.7534.7918.47 Teen2157845106624623.9839.1749.4211.40Temperature2.360.31 ≤ 2940241820155664844.7345.2338.6716.1 \> 2949722222188986155.2744.6937.9917.32Air Quality Index16.12\< 0.01 \< 10052402400202381758.2559.3858.7254.14 101--150168976561730718.7818.9317.9120.34 151--200206787780538522.9821.723.3725.51Time of obs.56.94\< 0.01 0600--900103544940318311.5143.3838.9417.68 1000--130028311371102843231.4748.4336.3115.26 1400--170028231317107643031.3846.6538.1215.23 1800--2100230790593846425.6439.2340.6620.11Organized144.71\< 0.01 Yes135671432731515.0752.6524.1223.23 No764033283118119484.9343.5640.8115.63[^1]

3.2. Observations of physical activity in parks {#s0045}
-----------------------------------------------

In the eight Nanchang parks, a total of 8996 children and teens were observed ([Table 1](#t0005){ref-type="table"}). Sedentary activities were recorded for 44.9% of youth park users, while walking-like activity accounted for 38.3% of activities. Vigorous physical activity represented the least common category of activity at 16.8%. Significantly more males were observed than females (57.7% vs 42.3%). A greater proportion of those observed were children (76.0%) than teens (24.0%). In target areas where organized events were occurring, 52.7% of park users were coded as sedentary, while 43.6% of park users were sedentary in areas without organized events. The number of observed youth different significantly by time of day, with the mid-day period (1000--1700) representing the greatest proportion of youth observed (62.9%).

3.3. Observations of primary physical activities {#s0050}
------------------------------------------------

Primary physical activities observed for sedentary, walking, and vigorous were recorded in [Supplemental Table 2](#t0010){ref-type="table"}. Boys and girls were both most often observed walking (28.7% of boys, 27.4% of girls) or sitting (19.2 of boys, 20.0% of girls). More boys were observed engaging in vigorous activity than girls, while sedentary behaviors were observed evenly between the two.Table 2Ordered hierarchic generalized linear models regressing physical activity \[sedentary vs. walking and vigorous physical activity (MVPA)\] onto characteristics of parks and youth.Table 2ParameterAllBoysGirlsEstimateSE*Z*-value*P*-valueOR(95CI)EstimateSE*Z*-value*P*-valueOR(95CI)EstimateSE*Z*-value*P*-valueOR(95CI)Main effects Intercept 1 (vigorous)− 0.140.11− 1.260.21− 0.14− 0.370.08− 0.080.13− 0.600.55− 0.08− 0.340.18− 0.220.13− 1.710.09− 0.22− 0.470.03 Intercept 2 (walking)1.690.1214.56\< 0.0011.691.461.921.680.1312.49\< 0.0011.681.411.941.750.1313.16\< 0.0011.751.492.01Age Child Teen0.070.051.600.111.080.981.180.200.063.14\< 0.011.221.081.39− 0.060.07− 0.850.390.940.821.08Organized activity No Yes− 0.120.06− 1.940.050.890.791.00− 0.030.08− 0.380.710.970.831.14− 0.210.09− 2.360.020.810.680.96Temperature ≤ 29c \> 29c− 0.170.06− 3.02\< 0.010.850.760.94− 0.120.07− 1.570.120.890.771.03− 0.270.09− 3.16\< 0.010.760.650.90Air Quality Index Good/moderately polluted (\< 100) Unhealthy for sensitive groups (101--150)0.080.061.360.171.080.971.21− 0.030.07− 0.430.660.970.841.120.220.092.560.011.251.051.48 Unhealthy (151--200)0.150.052.90\< 0.011.161.051.290.150.072.120.031.161.011.320.170.082.060.041.181.011.39Day of the week Weekday Weekend0.240.054.98\< 0.0011.281.161.400.270.064.20\< 0.0011.311.161.490.220.082.95\< 0.011.251.081.45Observation period 0700--0900 1000--1100− 0.170.07− 2.480.010.840.730.96− 0.110.09− 1.230.220.900.751.07− 0.260.11− 2.300.020.770.620.96 1400--1700− 0.070.07− 0.940.350.930.811.080.010.100.130.901.010.841.23− 0.150.12− 1.310.190.860.681.08 1800--21000.190.082.540.011.211.041.400.130.101.370.171.140.941.390.300.122.530.011.351.071.71Variance components Level-2 variance (T00)0.070.040.020.200.080.050.030.250.040.030.010.15Goodness of fit − 2 log likelihood− 9143.18− 5347.68− 3777.33 Wald Chi^2^82.890\< 0.00144.84\< 0.00170.79\< 0.001[^2][^3][^4]

3.4. Regression {#s0055}
---------------

Youth physical activity \[sedentary vs. walking and vigorous physical activity (MVPA)\] was examined using ordered hierarchic generalized linear models ([Table 2](#t0010){ref-type="table"}). Girls were less likely to engage in higher intensity activity during organized activities and when the temperature was above 29 °C. Youth were more likely to engage in higher intensity activity when the AQI level was high (\> 150). Youth were more likely to engage in more intense physical activity in the morning (before 1000) and in the evening (after 1800), as well as on weekend days relative to weekdays. Older boys were more likely to be observed in higher intensity activities than younger boys, but the age category of girls was not associated with likelihood of move vigorous activity.

4. Discussion {#s0060}
=============

As in Western youth ([@bb0055]), characteristics of Chinese park users (e.g. gender, age) were non-modifiable correlates of physical activity. Also consistent with prior work ([@bb0035]), organized activity, a potential target of intervention, was negatively associated with physical activity intensity, suggesting that increasing the number of organized activities might have an undesirable effect on the number of youth engaged in MVPA. Paradoxically, poor air quality was associated with less sedentary behavior, in contrast to previous findings in U.S. adults ([@bb0075]). However, air quality may be confounded by temperature, and more vigorous activity was seen on warmer days. Very few published studies have examined youth park usage in China. Therefore, this cross-sectional study provides a unique insight into youth park usage in a large Chinese city.

Future research should document how environmental features of parks in China are associated with physical activity in youth, as the design of the present study didn\'t allow for us to determine which features were associated with higher intensities of MVPA. Determining these features would allow for better understanding how certain attributes and park quality affect youths\' decisions to engage in physical activities. Researchers can also evaluate these parks to assess how configurations of facilities within parks promote MVPA, and also survey parents and children to determine personal preferences in a park.

Limitations of this study included determining the age of individuals and classifying ambiguous activities. While interrater reliability was established prior to data collection, we were unable to assess reliability in the field, which could potentially invalidate the present findings. Furthermore, we did not have a formal park audit or similar tool that would give a more systematic assessment of park features and incivilities, which have been previously demonstrated to affect physical activity in parks ([@bb0065]).

Overall, the findings have a number of implications for policies and practice. Specifically, activity should be scheduled at cooler times when girls are more likely to engage in more physical activity, and supervised free play should be prioritized over organized activities. Future studies should observe which individual facilities within a park are used more by children and teens, which could ultimately help improve the health of China\'s youth by suggesting features that are most likely to promote physical activity.
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[^1]: Data were collected in June of 2014 in Nanchang, China.

[^2]: Note: Level 1: *n* = 8996; Level 2: *n* = 8.

[^3]: Note: sedentary was used as the reference category for the three-level ordinal dependent variable (sedentary, walking, vigorous).

[^4]: Data were collected in June of 2014 in Nanchang, China.
